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Increased Risk of Atrial Fibrillation with Attenuated Activity of P21-
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The mechanisms underlying atrial fibrillation (AF) are not fully understood. In
a canine model of chronic atrial fibrillation (AF) we determined that the p21-
activated kinase1 (Pak1) was down-regulated compared to animals in sinus
rhythm. The down-regulation was mimicked in an in-vitro model of AF (atrial
myocytes þ Angiotensin II (AngII: 1mM, 24 h) leading us to hypothesize that
attenuated Pak1 activity enhances atrial arrhythmic activity. ECG recordings in
WT and Pak1-KO mice performed under control conditions and during stimu-
lation with AngII or Carbachol (CCh: 150 ng/g) revealed spontaneous atrial
arrhythmic events in Pak1-KOmice. In field stimulated isolated atrial myocytes
(AM) an increased number of delayed after-depolarizations was determined
(DADs WT: 14%; Pak1-KO: 39% of cells). AMs with attenuated Pak1 activity
(Pak1-KO or WT þ IPA3 : 10mM) exhibited an exaggerated increase in AngII
induced ROS production (DCF, DF/F0: WT(ctl) 1.3350.07, WT(IPA3)
1.7750.04 , Pak1-KO 1.7750.08 ) that was attenuated in the presence of
the NOX2 inhibitor apocynin (100 mM). The exaggerated AngII induced in-
crease in Ca transient amplitude (DF/F0: WT(ctl) 2.650.2, WT(AngII)
3.450.4, Pak1-KO(ctl) 2.750.3, Pak1-KO(AngII) 4.150.4; p < 0.05) was
also suppressed by NOX2 inhibition despite the fact that the increase in Ca de-
pended on its release from inositol 1,4,5-trisphosphate sensitive stores (2-APB:
2mM). Pak1 stimulation in WT cells by FTY720 (200 nM) attenuated the AngII
induced ROS production as well as the increase in Ca transients.
In conclusion, attenuated Pak1 activity in atrial tissue increases the likelihood
of AF. Pak1 stimulation attenuates NOX2 dependent ROS production and the
subsequent facilitation of IP3R mediated Ca release.
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Pro-Arrhythmic CalciumWaves Induced by Phosphodiesterase Type 4 In-
hibition upon Beta-Adrenergic Stimulation Involve Both PKA and CamkII
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b-adrenergic receptor (b-AR) stimulation increases cardiac function by
increasing cAMP levels and activating protein kinase A (PKA). PKA enhances
Ca2þ-induced Ca2þ-release by phosphorylating L-type Ca2þ channels, ryano-
dine receptors and phospholamban (PLB) which are also targets of the Ca2þ/
Calmodulin Kinase II (CaMKII). Any dysregulation in the b-adrenergic
pathway leads to cardiac arrhythmias. Multiple cyclic nucleotide phosphodies-
terases (PDEs) regulate local concentrations of cAMP, among which the PDE4
family is overriding in rodent heart. We investigated the proarrhythmic effects
of PDE4 inhibition and evaluated the relative contribution of PKA and CaMKII
to this mechanism. Action potentials were recorded at a frequency of 1Hz in
isolated adult rat ventricular myocytes using the patch-clamp technique. De-
layed afterdepolarizations (DADs) observed upon application of the non selec-
tive b-AR agonist Isoproterenol (Iso 1nM) after cessation of electrical
stimulation during 10s were potentiated by the PDE4 inhibitor Ro20-1724
(Ro 10mM). These DADs correlated with spontaneous calcium waves
(SCWs), recorded in myocytes loaded with Fura-2AM (1mM) using an Ionoptix
system. Ro potentiated the inotropic and lusitropic effects of Iso and furthered
sarcoplasmic reticulum (SR) Ca2þ load leading to SR Ca2þ leak measured in a
0Naþ,0Ca2þ solution 51mM tetracaine. Upon PDE4 inhibition, PLB was
phosphorylated not only by PKA but also by CaMKII demonstrating that
both kinases were activated. PKA inhibition with H-89 (10mM) suppressed
the SCWs and the inotropic and lusitropic effects of Iso5Ro. CaMKII inhibi-
tion with KN-93 (10mM) diminished SCWs incidence by 72%without affecting
the inotropic effects of Ro. Thus, upon b-AR stimulation, PDE4 inhibition ex-
erts positive inotropic effects via PKA but induces SCWs and DADs via both
PKA and CaMKII activation, suggesting the potential use of CaMKII inhibitors
as an adjunct to PDE inhibition in cardiac diseases to limit arrhythmias.
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Serca Stimulation Increases Intra-Sr Ca2DThreshold for Ca2D Waves in
Cadiomyocytes
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In cardiac muscle, stimulation of b-adrenergic receptors leads to activation of
PKA via the second messenger cAMP. PKA-dependent phosphorylation ofseveral targets subsequently amplifies the L-type Ca2þ current, relieves the
SERCA inhibition by PLB and is proposed to increase the Ca2þ sensitivity
of the RyRs (by phosphorylation at serine 2808). Together, these mechanisms
account for positive inotropy, but can also be arrhythmogenic via facilitation of
spontaneous Ca2þ waves. Unexpectedly, the level of Ca2þ inside the SR
([Ca2þ]SR) needed to initiate such waves has been reported to increase upon
b-adrenergic stimulation, an observation which cannot be easily reconciled
with elevated Ca2þ sensitivity of the RyRs. We tested the hypothesis that
this change of Ca2þ wave threshold could occur indirectly, subsequent to
SERCA disinhibition. Cytosolic and intra-SR Ca2þ waves were simultaneously
recorded with confocal line-scans in permeabilized mouse cardiomyocytes
with rhod-2 and fluo-5-N, respectively. We analyzed changes of SR Ca2þ con-
tent and several Ca2þ wave parameters. Ochratoxin A (OTA) was used to spe-
cifically stimulate the SERCA and the findings were compared to those in the
presence of cAMP, which besides SERCA stimulation also leads to RyR phos-
phorylation. While cAMP resulted in a modest increase of Ca2þ wave thresh-
olds (F/F0 9%53.5%), OTA lead to a substantial increase (3055.1%). Both
compounds resulted in an acceleration of SR refilling (OTA earlier than
cAMP), confirming SERCA stimulation. While cAMP provoked in the occur-
rence of Ca2þ sparks and mini waves, possibly accounting for the less pro-
nounced SR loading, this was not observed in OTA. Together these results
suggest that SERCA stimulation alone can elevate the intra-SR threshold for
the generation of Ca2þ waves, independently of RyR phosphorylation. Sup-
ported by SNF.
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CalciumHandling is Altered in the Actc E99K TransgenicMouseModel of
Hypertrophic Cardiomyopathy
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The ACTC (cardiac actin) E99K transgenic (TG) mouse reproduces many as-
pects of hypertrophic cardiomyopathy (HCM) seen in humans. The most strik-
ing characteristic is the high probability of sudden cardiac death (SCD) in
young mice (28-45 days old) probably due to arrhythmias, but how this arises
from a myofilament mutation remains unknown. Previous studies demonstrated
that the primary effect of this mutation is increased myofilament Ca2þ sensi-
tivity. We hypothesise that increased sensitivity will disturb intracellular
Ca2þ homeostasis and trigger afterdepolarisations.
Ventricular myocytes, enzymatically dissociated from E99K TG and non-
transgenic (NTG) mice aged 8-12 weeks old were externally stimulated. Myo-
cytes from TG animals showed prolonged relaxation (R50=0.07950.003s vs
0.06250.003s, P < 0.001) with no differences in maximum sarcomere short-
ening. Loaded with Fura-2AM, TG cells had smaller Ca2þ transients (Ra-
tio=0.41750.023 vs 0.519 5 0.022, P < 0.01) and SR load than their NTG
littermates (R=1.08750.071 vs 1.38050.0661, P < 0.01). We repeated these
studies using cells isolated from mice aged 25-45 days old. Cells from TG mice
had greater sarcomere shortening (0.09750.004mm vs 0.0705 0.003mm, P <
0.001) and faster relaxation than their NTG littermates (R50 ¼ 0.06450.002s
vs 0.07250.002s, P < 0.05). Ca2þ transient amplitude was greater in TG cells
(R=0.64150.035 vs 0.38950.015, P < 0.001) however there were no differ-
ences in SR load. Calcium wave frequency after 5Hz stimulation was increased
in TG cells (0.28550.018s1 vs 0.1755 0.014s1, P < 0.001). In both age
groups, cells from TG mice displayed reduced diastolic [Ca2þ], slower efflux
of Ca2þ via the Naþ/Ca2þ exchanger and no differences in SR Ca2þ-ATPase
function.
These data show the cardiomyocytes from young TG mice are hypercontractile
with increased Ca2þ transient amplitude which, coupled with increased propen-
sity for spontaneous Ca2þ release, could lead to the formation of afterdepolar-
isations, predisposing the heart to potentially fatal arrhythmias.
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Hearts
Giulia Borile1,2, Andrea Urbani1, Claudio De Mauro3, Domenico Alfieri3,
Jon W. Lederer4, Francesco Pavone5, Marco Mongillo1,2.
1Dept. Biomedical Sciences, University of Padua, Padua, Italy, 2VIMM,
Padua, Italy, 3Light4Tech Firenze s.r.l., Florence, Italy, 4UMBI, University of
Maryland, Baltimore, MD, USA, 5University of Florence, Florence, Italy.
Rationale: Alterations in cardiomyocyte (CM) Ca2þ handling play a role in
initiating and sustaining inherited arrhythmias (e.g. Catecholaminergic Poly-
morphic Ventricular Tachycardia, CPVT). Most of the current data on Ca2þ
handling properties have been obtained in isolated cells. Aims: We aimed to
establish a multicellular cardiac model to investigate the complex Ca2þ dy-
namics in cardiomyocytes, taking advantage of multispot multiphoton micro-
scopy. Methods and results: Acute thick (450 mm) ventricular slices were
324a Monday, February 17, 2014obtained from young WT and RyR2R2474S mice. Slices were loaded with the
Ca2þ-sensitive indicator Fluo4-AM and imaged with multiphoton microscopes
(BioRad and custom made multispot) to optically monitor intracellular Ca2þ
fluctuations during electrical pacing in rest and b-adrenergic stimulation. Inter-
estingly, heart slices from CPVT mice showed Ca2þ alternans and spontaneous
diastolic Ca2þ release with a reduced latency period if compared to controls.
Conclusions: We developed a powerful close-to-in vivo model of Ca2þ imag-
ing in acute heart slices that allows to observe several cells simultaneously in
their own tissue environment. Moreover we show that the concurrent high
spatial and temporal resolution afforded by the parallel scanning in multispot
multiphoton microscopy can be exploited to assess subcellular Ca2þ dynamics
in a wide region of the slice. We recorded local Ca2þ release events (e.g. mac-
rosparks, travelling waves and rotors) and observed that cell-wide Ca2þ waves
originated frequently/typically from the same Ca2þ release hotspot.
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Effects of Flecainide and Ranolazine on Intracellular Calcium Handling
and Sarcolemmal Sodium Current
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Flecainide has received considerable interest due to its antiarrhythmic efficacy.
However, more detailed analyses of calcium (Ca2þ)-dependent processes are
required to demonstrate a conclusive mechanism of action. We characterise fle-
cainide’s ability to suppress arrhythmogenic Ca2þ-waves and examine the
involvement of ryanodine receptors in flecainide’s antiarrhythmic efficacy,
Further, we evaluate the native cardiac sodium channel contribution to
flecainides pharmacological profile and compare its actions with a late sodium
current inhibitor, ranolazine.
Extracellular drug effects on Ca2þ-sparks and Ca2þ-waves were measured in
field-stimulated Fluo-4AM loaded human and rat ventricular cardiomyocytes.
Whole-cell sodium currents (INa) were measured before and after a series of
high-frequency depolarizing pulses, establishing acute- and use-dependent in-
hibition, respectively.
A therapeutic dose of flecainide (5mM) significantly decreased spark-mediated
Ca2þ leak, primarily as a result of reduced Ca2þ-spark amplitude (P < 0.001).
Following flecainide perfusion spontaneous wave frequency was significantly
reduced (P < 0.001), whilst wave-free survival and inter-wave interval were
significantly increased (P < 0.01 and P < 0.05, respectively).
The late INa blocker ranolazine (10-50mM) was evaluated against flecainide for
its potential to inhibit sarcolemmal INa and Ca
2þ-waves. Under acute applica-
tion, 5mMflecainide reduced peak INa to 495 7% of control compared to 755
9% and 66 5 10% with 10mM and 50mM ranolazine respectively. Flecainide
showed increased use-dependency, causing 35 5 5% peak INa inhibition
compared to control, while 10mM and 50mM ranolazine resulted in 73 5 7%
and 60 5 7% reduction, respectively. Furthermore, flecainide’s effect on
Ca2þ-wave frequency show correspondingly higher efficacy (P< 0.001) versus
increasing concentrations of ranolazine (P < 0.01).
Our results suggest that flecainide normalizes arrythmogenic Ca2þ-waves by
selectively reducing spark mass and a corresponding wave initiation. Addition-
ally, we draw parallel between the ability of flecainide and ranolazine to sup-
press arrhythmogenic Ca2þ-waves, and establish correlation with membrane
sodium influx.
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We compared excitation-contraction coupling and Ca wave propagation in
normal and heart failure (HF) rabbit atrial myocytes. Cytosolic Ca transients
(Fluo-4 or Rhod-2), sarcoplasmic reticulum (SR) [Ca] (Fluo-5N) and mito-
chondrial localization (Mitotracker Red) were recorded by confocal micro-
scopy. SEA and Ru360 were used to inhibit sarcolemmal Na/Ca exchange
(NCX) or mitochondrial Ca uptake, respectively. In normal and HF rabbit atrial
myocytes transverse tubules are missing, and the peripheral junctional SR (j-
SR) is separated from the central non-junctional SR (nj-SR) by a 1-2 mm
wide gap that is largely devoid of mitochondria and SR structures. During ac-
tion potential (AP) stimulation SR Ca release initiated from the j-SR and prop-
agated in centripetal direction via Ca-induced Ca release (CICR) from nj-SR.
The centripetal Ca propagation velocity was highest across the gap between
j-SR and nj-SR, slowed during propagation across the nj-SR and increased after
Ru360 application. In HF, the centripetal propagation velocity was higher andmitochondrial density was decreased. Spontaneous Ca waves propagated with a
leading wave front located to the cell periphery, i.e. arising from j-SR Ca
release. Nearly half of all Ca waves in normal cells, but <10% in normal cells
pretreated with SEA and none in ventricular cells triggered an AP, followed by
a whole-cell Ca transient (termed here ’arrhythmogenic Ca waves’). The inci-
dence of spontaneous Ca waves, the fraction of arrhythmogenic Ca waves and
NCX activity were significantly increased in HF. In summary, the lack of mito-
chondria in the gap between j-SR and nj-SR enables rapid propagation of CICR
from the j-SR to the nj-SR. Decreased mitochondrial Ca uptake in HF contrib-
utes to an increased centripetal Ca propagation velocity. Atrial myocytes are
prone to develop NCX-dependent arrhythmogenic Ca waves, which is further
accentuated in HF.
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Rabbit atrial myocytes lack transverse tubules and only the peripheral sarco-
plasmic reticulum (SR) is in contact with the surface membrane (junctional
SR; j-SR) and exposed to Ca influx through voltage-gated sarcolemmal Ca
channels that initiates Ca release which propagates centripetally by Ca-
induced Ca release from non-junctional SR (nj-SR). In this study we examined
the structural and functional characteristics of excitation-contraction coupling
(ECC) unique to atrial myocytes. Subsarcolemmal (SS) Ca release from j-SR
preceded release at central (CT) nj-SR regions, and SS release was of higher
amplitude compared to CT release. Using simultaneous measurements of cyto-
solic ([Ca]i) and intra-SR ([Ca]SR) Ca, we show that depletions of SS [Ca]SR
were smaller compared to CT [Ca]SR depletions during electrical stimulation.
Atrial myocytes revealed an approximately 1-2 mm wide gap devoid of mito-
chondria and SR structures between the j-SR and the nj-SR that the Ca signal
must traverse to activate release from nj-SR. The spread of Ca from the j-SR to
the nj-SR occurred very rapidly and was aided by the absence of mitochondria
which might buffer the diffusion of Ca. In contrast to SS release, the continu-
ation of Ca release through the nj-SR to the cell center occurred much slower in
a Ca wave-like fashion, and the rise of [Ca]i detected at individual release sites
of the nj-SR preceded the depletion of [Ca]SR. During this latency period a tran-
sient elevation of [Ca]SR was observed that acted as an intra-SR Ca sensitiza-
tion wave that may facilitate the spread of excitation through the nj-SR via the
luminal Ca-sensitivity of the ryanodine receptor Ca release channel. In sum-
mary, we have identified key structural and functional characteristics of atrial
myocytes that allow for efficient ECC in the intact heart.
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We studied excitation-contraction coupling (ECC) and inositol-1,4,5-
triphosphate (IP3)-dependent Ca release in atrial cells from normal and heart
failure (HF) rabbit hearts. Elementary Ca release events (Ca puffs) from IP3 re-
ceptors (IP3Rs) were detected in permeabilized myocytes after inhibition of
ryanodine-receptor mediated Ca spark activity with tetracaine. Puff activity
was induced by IP3 exposure and blocked by 2-APB, identifying their origin
from IP3Rs. In normal myocytes puff activity was low and restricted to the
cell periphery, whereas in HF myocytes their overall frequency was increased
and puffs were more prominent in the cell center. Compared to normal cells, in
HF atrial myocytes diastolic [Ca]i was increased, action potential (AP)-induced
Ca transients (CaTs) were larger in amplitude (primarily due to enhanced Ca
release from central non-junctional sarcoplasmic reticulum, SR), propagation
of activation from cell periphery to the center was accelerated, and fractional
SR Ca release was increased, whereas no difference in SR Ca load was
observed. These differences were largely abolished by exposure to 2-APB, sug-
gesting an increased basal IP3 activity in HF. Angiotensin II (AngII) increased
diastolic [Ca]i in normal and HF myocytes whereas the effect was more pro-
nounced in HF. The amplitude of AP-dependent CaTs was increased in the
presence of AngII or after photolytical release of caged IP3 in normal cells,
whereas the opposite effect was observed in HF. The frequency of spontaneous
Ca waves was increased in HF, and returned to levels comparable to normal
myocytes after 2-APB exposure. In conclusion, HF atrial myocytes revealed
enhanced Ca release during ecc and more frequent spontaneous Ca waves, pre-
sumably resulting from increased basal IP3R-mediated Ca release. However,
additional neurohumoral stimulation with AngII, as it might occur in-vivo in
cardiac disease, negatively affected atrial Ca signaling during ECC.
